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Abs t rac t  

A 50 c e l l  b i p o l a r  nickel-hydrogen b a t t e r y  was 
assembled t o  demonstrate t h e  f e a s i b i l i t y  of 
c o n s t r u c t i n g  a h igh  vo l tage  stack o f  c e l l s .  
Various component v a r i a t i o n s  were t e s t e d  i n  t h i s  
ba t te ry .  The b a t t e r y  had approximately 1 ampere- 
hour o f  capac i t y  and was const ructed f rom com- 
ponents w i t h  an a c t i v e  area o f  2" x 2". The 
components were p a r a m e t r i c a l l y  va r ied  t o  g i v e  a 
comparison o f  n i c k e l  e lect rodes,  hydrogen e lec -  
trodes, separators, f i l l  procedures and e l e c t r o -  
l y t e  r e s e r v o i r  p l a t e  thicknesses. Groups o f  f i v e  
c e l l s  were cons t ruc ted  us ing t h e  same components; 
t e n  combinations were t e s t e d  i n  a l l .  The b a t t e r y  
was tho rough ly  cha rac te r i zed  a t  va r ious  change 
and d ischarge r a t e s  as w e l l  as w i t h  var ious pu lse  
p a t t e r n s  and rates.  Over a p e r i o d  o f  1400 40% 
DOD LEO cyc les  some o f  t h e  groups began t o  e x h i b i t  
performance d i f f e rences .  I n  general,  o n l y  sepa- 
r a t o r  v a r i a t i o n s  had a s i g n i f i c a n t  e f f e c t  on c e l l  
performance. It a lso  appears t h a t  shunt cu r ren ts  
may have been opera t i ng  w i t h i n  t h e  stack, r e s u l t -  
i n g  i n  e l e c t r o l y t e  t r a n s f e r  f rom one c e l l  t o  
another, t hus  c o n t r i b u t i n g  t o  c e l l  performance 
v a r i a t i o n s .  

I n t r o d u c t i o n  

A 50 c e l l  nickel-hydrogen b a t t e r y  t h a t  employs t h e  
b i p o l a r  des ign and assembly techniques pioneered 
a t  t h e  Lewis Research Center has been b u i l t ,  char- 
acter ized,  and tes ted  under a pu l se  regime and a 
40% DOD LEO c y c l e  regime. This h igh  vo l tage  
ba t te ry ,  65 v o l t s ,  was b u i l t  o f  subscale s i ze  
c e l l  components having an a c t i v e  area o f  2" x 2", 
and a c a p a c i t y  of approximately one ampere-hour. 
Th i s  b a t t e r y  was assembled t o  demonstrate t h e  
f e a s i b i l i t y  of c o n s t r u c t i n g  and t e s t i n g  a h igh  
vo l tage  s tack o f  c e l l s  w i thou t  exper ienc ing unac- 
cep tab ly  h igh  shunt c u r r e n t  losses. 

Since t h e  b i p o l a r  technology i s  a r e l a t i v e l y  new 
one when app l i ed  t o  the  n icke l -hydrogen system 
t h e r e  a re  many unanswered quest ions concerning 
component v a r i a t i o n s  and c o n s t r u c t i o n  techniques. 
We t h e r e f o r e  took t h i s  o p p o r t u n i t y  t o  evaluate 
t h e  e f f e c t s  o f  component and c o n s t r u c t i o n a l  v a r i -  
a t i o n s  on c e l l  performance i n  a s tack o f  c e l l s  
t h a t  would be subjected t o  t h e  same c y c l e  condi- 
t i o n s .  The components were p a r a m e t r i c a l l y  v a r i e d  
t o  g i v e  a comparison o f  n i c i t e l  e lect rodes,  sepa- 
r a t o r s ,  hydrogen e lect rodes,  f i l l  procedures, and 
e l e c t r o l y t e  r e s e r v o i r  p l a t e  thicknesses. No 
attempts were made t o  l i m i t  e l e c t r o l y t e  paths and 
subsequent shunt currents .  Groups o f  f i v e  c e l l s  
were cons t ruc ted  us ing t h e  same components, ten 
combinations were t e s t e d  i n  a l l .  The b a t t e r y  was 
tho rough ly  cha rac te r i zed  a t  va r ious  charge and 
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discharge rates.  Pulse d ischarge c h a r a c t e r i s t i c s  
were a l s o  evaluated va ry ing  f rom one second on 
and one second o f f  t o  f i v e  seconds on and twenty 
seconds o f f .  The pu lse  c u r r e n t s  ranged f rom 5 
amperes t o  10 amperes (5C t o  1OC). The b a t t e r y  
was cyc led  on a l o w - e a r t h - o r b i t  regime a t  40% 
depth o f  discharge. Dur ing t h e  t e s t i n g ,  groups 
o f  f i v e  c e l l s  began t o  e x h i b i t  v a r i a t i o n s  i n  pe r -  
formance. A f t e r  1500 cyc les  t h e  b a t t e r y  was d i s -  
assembled. It i s  p r e s e n t l y  undergoing extens ive 
post  t e s t  analyses i n  an attempt t o  i d e n t i f y  
reasons f o r  t h e  v a r i a t i o n s  observed i n  c e l l  
performance. 

Component Va r ia t i ons  and Construct ion D e t a i l s  

The 50 c e l l  s tack was cons t ruc ted  w i t h  subscale 
s i z e  hardware. The general c o n s t r u c t i o n  tech -  
niques and design d e t a i l s  are s i m i l a r  t o  those 
used f o r  t h e  l a r g e r  c a p a c i t y  s tacks (6.5 and 40 
AH, 10 c e l l  stacks) cons t ruc ted  e a r l i e r  1,293. 
A sample o f  the c e l l  components i s  shown i n  f i g -  
u r e  1. The components used i n  t h e  s tack were 
those a v a i l a b l e  f rom p rev ious  purchases f rom 
severa l  vendors. None o f  t h e  components was made 

FIGURE 1 
CELL COMPONENT LAYOUT 

s p e c i f i c a l l y  f o r  t h i s  app l i ca t i on .  The frames 
used f o r  t h i s  b a t t e r y  had been in tended f o r  use 
i n  t h e  screening o f  components and design f e a t u r e s  
f o r  b i p o l a r  stacks. The f o l l o w i n g  i s  a sumnary 
o f  t he  components and procedures evaluated i n  t h e  



. 
50 c e l l  stack: 

N icke l  e lect rodes-  40 m i l  e l ec t rochemica l l y  
impregnated n i c k e l  e lec t rodes  f rom Yardney 
B a t t e r y  D i v i s i o n  and Eagle Picher  I n d u s t r i e s  were 
evaluated i n  the t e s t  ma t r i x .  

Hydrogen e lect rodes - Two types o f  hydrogen 
e lec t rodes  were evaluated. Both were b i p o l a r  
t ype  e lect rodes i n  t h a t  t hey  cons is ted  o f  a 
m i x t u r e  of plat inum and t e f l o n  app l i ed  t o  a 
screen, w i t h  no Goretex l a y e r  on t h e  backside o f  
t h e  e lect rode.  E lect rodes f rom L i f e  Systems 
Incorporated (LSI) and Yardney B a t t e r y  D i v i s i o n  
were tested.  Those f rom LSI  had a go ld  p l a t e d  
n i c k e l  screen as t h e  c u r r e n t  c o l l e c t o r  and those 
f rom Yardney used a f i n e  mesh n i c k e l  screen. 

Se a r a t o r s  - Two laye rs  of z i r c a r  c l o t h ,  t h r e e  

combination cons is t i ng  of one l a y e r  o f  beater  
t r e a t e d  asbestos and one l a y e r  o f  z i r c a r  c l o t h  
were t h e  v a r i a t i o n s  o f  separators tested.  I n  t h e  
c e l l s  w i t h  the combination separator  t h e  z i r c a r  
was towards t h e  n i c k e l  e lec t rode  t o  a i d  i n  gas 
management. 

E l e c t r o l y t e  r e s e r v o i r  p l a t e s  - Th is  stack was 
b u i l t  w i t h  a v a i l a b l e  frames f rom another 
p r o j e c t .  As a r e s u l t  t he  frame th ickness va r ied  
f rom 150 t o  245 m i l s .  The ERP's were i n d i v i d u a l l y  
s i zed  t o  accomnodate the  v a r i a t i o n s  i n  frame 
th ickness.  The ERP th i ckness  v a r i e d  f rom 50 t o  
140 m i l s .  Foammetal f rom Astromet was used as 
t h e  ERP. The o r i g i n a l  m a t e r i a l  was approximately 
120 m i l s  th ick,  f o r  most c z l l s  one l a y e r  was 
compressed t o  the th ickness t h a t  would r e s u l t  i n  
t h e  des i red  compression i n  t h e  c e l l .  I n  one 
group o f  f i v e  c e l l s  two laye rs  were requ i red  t o  
g i v e  t h e  desired thickness. ERP th ickness was 
n o t  expected t o  have a no t i ceab le  e f f e c t  on c e l l  
performance but t h e  experiment was designed t o  
a l l o w  eva lua t i on  o f  t h i s  va r iab le .  

l a y e r s  + o eater t r e a t e d  asbestos (BTA) and a 

rocedure - The separators  e i t h e r  were 

stack o r  f i l l e d  w i t h  a predetermined amount o f  
e l e c t r o l y t e ,  based on t e s t s  o f  t h e i r  r e t e n t i o n  
c a p a b i l i t i e s ,  dur ing cons t ruc t i on .  S i m i l a r l y ,  a t  
t h e  t i m e  o f  t h e i r  i n s e r t i o n  i n t o  t h e  stack, t h e  
e l e c t r o l y t e  rese rvo i r  p l a t e s  were f i l l e d  w i t h  a 
predetermined amount o f  e l e c t r o l y t e  based on 
s tud ies  o f  t h e i r  r e t e n t i o n  c h a r a c t e r i s t i c s .  The 
e lec t rodes  were a l l  vacuum f i l l e d  and al lowed t o  
d r a i n  be fo re  assembly i n t o  t h e  stack. The group 
o f  f i v e  c e l l s  w i t h  BTA separators t h a t  were t o  be 
vacuum f i 1 l e d  was const ructed dry, t hen  imnersed 
i n  e l e c t r o l y t e  and vacuum b a c k f i l l e d  because the  
BTA does n o t  have enough s t r e n g t h  t o  be handled 
and incorporated i n t o  a c e l l  once wet w i t h  KOH. 
Th is  al lowed a comparison between vacuum f i l l i n g  
t h e  separators and t h e  a d d i t i o n  o f  a metered 
amount which i s  r e f e r r e d  t o  s imply  as ' f i l l 1 .  

Gas screen - The gas screen used i n  a l l  50 
c e l l s  was txmet 5 N i  35 1/0, w i t h  a 60 m i l  
nominal thickness. Th is  m a t e r i a l  was compressed 
t o  40 m i l s  before stack cons t ruc t i on .  

Frames - The frames f rom t h e  2" x 2" b i p o l a r  
component evaluat ion program were used f o r  t h i s  
t e s t .  The frames were made of po lysu l fone.  Frame 
th i ckness  varied from 150 m i l s  t o  245 m i l s  t o t a l .  
I n  a l l  cases the hydrogen c a v i t y  was 50 m i l s  deep. 

vacuum- + ed p r i o r  t o  i n c o r p o r a t i o n  i n t o  the  

The d i f f e rences  i n -  t h e  frame th icknesses were ac- 
commodated by va ry ing  t h e  th i ckness  o f  t h e  ERP's. 

Stack compression - The scheme f o r  determin ing 
s tack compression va r ied  w i t h  separator. I n  c e l l s  
w i t h  asbestos, t h ree  layers,  nominal ly  21 m i l s  
t h i c k ,  were compressed t o  15 m i l s ,  t h e  t o t a l  com- 
ponent thickenesses were se t  t o  g i v e  t h e  des i red  
f i n a l  separator th ickness.  For c e l l s  wi th z i r c a r ,  
i t  was determined t h a t  12 m i l s  excess t o t a l  compo- 
nent unloaded th ickness was r e q u i r e d  t o  o b t a i n  the,  
des i red  l oad ing  on t h e  c e l l s .  Table I sumnarizes 
the  above component and fill procedure va r ia t i ons .  

M l C K E L  

' IARONEV 

I A R D M E Y  

H ' I D R O P E l  

Z I R C A R  

Z l R t A R  

Z l R C A R  
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Z I R C A R I B T A  

B T A  
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VEC ZIRCAR 
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TABLE 1 

V A C U U l  

VACUUM 

100 0 

VACUUM 85 c 
8 5  c 

110 E 

1 1 5  f 

F I L L  9 0  c 

COMPONENT VARIATIONS I N  THE 50 CELL 
BIPOLAR NICKEL-HYDROGEN BATTERY STACK 

The experiment was designed t o  make component and 
procedura l  v a r i a t i o n s  i n  such a way t h a t  d i r e c t  
comparisons o f  t he  des i red  f e a t u r e s  cou ld  be made. 
For example, t h e  comparison o f  hydrogen e lec t rodes  
was made between two groups o f  c e l l s  t h a t  had a l l  
o t h e r  components and f i l l  procedures t h e  same. 
The on ly  except ion t o  t h i s  scheme was w i t h  ERP 
th ickness.  The a v a i l a b l e  frames d i f f e r e d  i n  
th icknesses and these d i f f e r e n c e s  were accommo- 
dated by va ry ing  t h e  th i ckness  o f  t h e  ERP so, i n  
some cases, t h e  ERP th i ckness  was v a r i e d  along 
des i red  parameter. I n  o rde r  t o  eva lua te  t h i s  var-  
i a t i o n ,  ERP th i ckness  comparisons were i nc luded  
i n  t h e  t e s t  ma t r i x .  

Test Regime Summary 

The b a t t e r y  was cha rac te r i zed  a t  va r ious  charge 
and d ischarge rates,  ranging f rom C/10 t o  C f o r  
t h e  charge and C/4 t o  1OC f o r  t h e  discharge. The 
f i r s t  60 c y c l e s  were a m i x t u r e  o f  constant  c u r r e n t  
discharges and pulse discharges. Cycles 64-119 
were 40% DO0 LEO cyc les.  Cycles 124-150 were 
pu lse  LEO cyc les  i n  which t h e  charge was .47 A f o r  
1 hour, constant  c u r r e n t  and t h e  d ischarge was run  
a t  t h e  40% DO0 LEO r a t e  of 0.8 amps on a pu lse  
regime of 1 second on 4 seconds o f f  f o r  a t o t a l  
d ischarge load t ime  of 30 minutes o r  a t o t a l  d i s -  
charge p e r i o d  o f  2.5 hours. The LEO c y c l e s  were 
i n t e r r u p t e d  a t  c y c l e  150 by severa l  extended open 
c i r c u i t  pe r iods  ranging f rom two t o  s i x  weeks and 
some pu lse  discharges. I n  a d d i t i o n  t o  t h e  con- 
s t a n t  c u r r e n t  discharges, pu l se  discharges, and 
LEO cycles, open c i r c u i t  stands ranging f rom 65 
t o  250 hours were performed a t  f requen t  i n t e r v a l s  
over  t h e  l i f e  o f  t h e  b a t t e r y .  

Stack Teardown 

A f t e r  c y c l i n g  a t o t a l  o f  1500 c y c l e s  t h e  s tack was 
disassembled. Components were v i s u a l l y  inspected 
f o r  damage and anomalies t h a t  may have occurred 
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d u r i n g  cyc l i ng .  A l l  components were weighed upon 
removal f rom t h e  stack. Dur ing cons t ruc t i on ,  wet 
and d r y  weights were recorded f o r  each component 
as it was inco rpo ra ted  i n t o  t h e  stack. E lec t ro -  
l y t e  d i s t r i b u t i o n s ,  based on t h e  ac tua l  weight 
data taken a t  t h e  t imes o f  c o n s t r u c t i o n  and t e a r -  
down f o r  t h e  new and cyc led  c e l l s ,  were ca l cu la ted  
and compared. Thicknesses o f  a l l  components were 
a l so  measured upon removal and compared t o  the  
new component thicknesses. Fu r the r  analyses are 
p r e s e n t l y  underway. These inc lude  e l e c t r o l y t e  
e x t r a c t i o n s  f r o m  t h e  separators and r i n g s  and 
f l ooded  c a p a c i t y  t e s t s  on t h e  n i c k e l  e lect rodes.  

.” 0.8 - - : 0.1 - 
0.4 - 
0.3 - 
0.2 - 
0.1 - 

Resu l t s  and Discuss ion 

B a t t e r y  Cycle Data - A general d iscuss ion o f  t h e  
b a t t e r y  performance d u r i n g  the  cha rac te r i za t i on ,  
pu l se  t e s t i n g  and LEO c y c l i n g  can be found i n  
re ference 4. The data and d iscuss ions repor ted 
here w i  11 cen te r  on Performance v a r i a t i o n s  between 
the  groups o f  f i v e  c e l l s .  There were no data 
a v a i l a b l e  on i n d i v i d u a l  c e l l s  o r  groups o f  f i v e  
f o r  any o f  t h e  pu lse  t e s t s  run. Th is  r e s u l t s  f rom 
t h e  f a c t  t h a t  t h e  data system scans t h e  b a t t e r y  
c e l l  vo l tages i n  18 second i n t e r v a l s  and t h e  pulse 
r a t e s  v a r i e d  f r o m  1 second on and 1 second o f f  t o  
5 seconds on and 20 seconds o f f :  t he re  was no way 
o f  i d e n t i f y i n g  where i n  a pu lse t h e  data were 
taken. The performance v a r i a t i o n  d iscuss ions 
w i l l  thus be l i m i t e d  t o  t h e  constant  c u r r e n t  
discharges, t h e  open c i r c u i t  stands and t h e  40% 
DO0 LEO cyc les.  

The same genera l  performance t rends  can be seen 
by comparing vo l tage  performance and capac i t y  t o  
a 1.0 v o l t  c u t - o f f  f o r  t h e  constant c u r r e n t  char- 
a c t e r i z a t i o n  da ta  cycles, and t h e  end-of-discharge 
(eod) vo l tage  vs cyc les  and t h e  general discharge 
vo l tage  performance f o r  t h e  LEO cyc les.  I n  a l l  
cases i t  can be seen t h a t  i n  general t h e  component 
v a r i a t i o n s  t e s t e d  here, w i t h  t h e  except ion o f  sep- 
a ra to rs ,  had l i t t l e  o r  no e f f e c t  on c e l l  perform- 
ance. There were e s s e n t i a l l y  no performance var-  

Hydrogen Elect rode Voltage Compar ison 
C Rot. Dischare- - Vottoa. V. Tlm. 
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FIGURE 2 

i a t i o n s  t h a t  c o u l d  be a t t r i b u t e d  t o  ERP thickness, 
hydrogen e lect rode,  n i c k e l  e lect rode,  o r  f i l l  
procedure d i f f e r e n c e s .  Since ERP th ickness d i d  
no t  a f f e c t  performance, groups w i t h  d i f f e r e n t  ERP 
th icknesses were compared f o r  subsequent evalua- 
t i o n s .  F igu re  2 shows curves comparing the  v o l t -  
age vs t i m e  performance f o r  a C r a t e  d ischarge on 
a r e p r e s e n t a t i v e  c e l l  f rom each o f  two groups 
(groups 4 and 8) t h a t  are i d e n t i c a l  except f o r  the 
hydrogen e lect rodes.  There i s  e s s e n t i a l l y  no d i f -  

ference i n  t h e  curves. Average end-of-discharge 
vo l tages a re  p l o t t e d  against  c y c l e  number f o r  two 
groups t h a t  vary  o n l y  i n  n i c k e l  e l e c t r o d e  manufac- 
t u r e r  i n  f i g u r e  3. The group average end-of-ais- 
charge vo l tages vary by o n l y  3 t o  5 m i l l i v o l t s .  

As w i t h  t h e  prev ious comparison, t he re  i s  essen- 
t i a l l y  no d i f f e r e n c e  i n  c e l l  performance. S i m i l a r  
r e s u l t s  were found when comparing c e l l s  t h a t  var-  
i e d  o n l y  i n  e l e c t r o l y t e  f i l l  procedure. 

Separator v a r i a t i o n s ,  on t h e  o t h e r  hand, l e d  t o  
va r ied  performance d i f f e r e n c e s  between t h e  groups 
o f  f i v e  c e l l s .  I n  general t h e  groups w i t h  beater  
t r e a t e d  asbestos separators  had poorer  vo l tage  
performance and lower c a p a c i t y  than t h e  groups 
w i t h  z i r c a r  separators. Th i s  i s  as expected s ince  
t h e  asbestos has a h ighe r  res i s tance  than  t h e  
z i r c a r 5 .  The group o f  c e l l s  w i t h  t h e  combina- 
t i o n  zircar/BTA separator performed more l i k e  
those w i t h  z i r c a r  than those w i t h  asbestos. 
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S i m i l a r  t rends  can be observed i n  f i g u r e  5, which 
compares group average end o f  discharge vo l tages 
vs c y c l e  numbers f o r  t h e  t h r e e  types o f  separat- 
ors .  

Dur ing t h e  course o f  LEO c y c l i n g  t h e  vo l tage and 
c a p a c i t y  performance o f  severa l  c e l l s  degraded 
s i g n i f i c a n t l y .  F igu re  6 and 7 show t h e  end o f  
d ischarge voltages vs cyc les  f o r  t h e  c e l l s  i n  
groups 5 and 10. From c y c l e  150 on, performance 
began t o  dec l i ne  f o r  c e l l s  23 and 46-50, and kep t  
g e t t i n g  worse. The component c o n f i g u r a t i o n  f o r  
t h e  c e l l s  i n  group 10 i s  b a s i c a l l y  rep resen ta t i ve  
o f  the 'standard' b i p o l a r  c o n f i g u r a t i o n  t h a t  has 
been used i n  the m a j o r i t y  o f  t h e  s tacks b u i l t  and 
t e s t e d  a t  t h e  Lewis Research Center. The ' s tan -  
da rd '  c o n f i g u r a t i o n  has demonstrated much b e t t e r  
performance i n  a l l  prev ious tests1,2,6. The 
c e l l s  appeared t o  have a res i s tance  problem. Fo r  
t h i s  group o f  c e l l s  t h e  capac i t y  appears t o  be 
ava i l ab le ;  however, much o f  i t  i s  obta ined below 
1.0 v o l t .  

One c e l l ,  number 23, f rom group 5 ( w i t h  t h e  z i r -  
car/BTA separator) e x h i b i t e d  a s i m i l a r ,  b u t  much 
more uniform, degradation. I n  t h i s  c e l l  t h e r e  was 
very l i t t l e  capaci ty  obta ined between 1.0 v o l t s  
and 0 v o l t s  on t h e  f u l l  discharges, i n d i c a t i n g  
t h a t  a l l  o f  the capac i t y  had been removed by t h e  
t i m e  t h e  voltage f e l l  o f f ,  suggesting a s h o r t i n g  
mechanism o f  some s o r t  o r  a charge acceptance 
problem. A t  cyc le  1280 the  vessel was opened and 
e l e c t r o l y t e  was added t o  c e l l s  23 (group 5), 46, 
48 and 50 (group 10). Wi th  t h e  a d d i t i o n  of e l e c -  
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t r o l y t e ,  a l l  o f  these c e l l s  improved t o  t h e  l e v e l  
o f  t h e  r e s t  o f  t h e  stack. The b a t t e r y  was r u n  f o r  
200 c y c l e s  f o l l o w i n g  t h e  e l e c t r o l y t e  a d d i t i o n  and 
t h e  c e l l s  mainta ined t h e i r  improved performance 
l e v e l s .  Since t h e  c e l l s  d i d  improve and t h e  ca- 
p a c i t y  was recovered w i t h  t h e  a d d i t i o n  o f  e l e c t r o -  
l y t e ,  we can conclude t h a t  t he  poor performance 
was t h e  r e s u l t  o f  h igh  res i s tance  associated w i t h  
e l e c t r o l y t e  l oss .  There was no apparent n i c k e l  
e l e c t r o d e  c a p a c i t y  l o s s  o r  degradation. 

The data f rom t h e  open c i r c u i t  stands s u b s t a n t i a t e  
t h e  above conclus ions concerning a s h o r t i n g  mech- 
anism i n  c e l l  23 and h i g h  res i s tance  i n  c e l l s  
46-50. Since t h e  open c i r c u i t  stand t i m e  v a r i e d  
f rom 65 t o  72 hours, and the  c a p a c i t y  measurements 
f o l l o w i n g  t h e  open c i r c u i t  stands were made a t  
va r ious  d ischarge rates,  t h e  capac i t y  t o  1.0 v o l t  
was compared f o r  a l l  c e l l s  as a percentage o f  t h e  
t o t a l  capac i t y  obta ined t o  a b a t t e r y  vo l tage  o f  
40 v o l t s ,  I n  some cases one o r  two c e l l s  f rom a 
group e x h i b i t e d  c o n s i s t e n t l y  lower c a p a c i t i e s  t o  
1.0 v o l t  than t h e  r e s t  o f  t h e  group. As above, 
these v a r i a t i o n s  appear t o  be t h e  r e s u l t  o f  t r u e  
a v a i l a b l e  c a p a c i t y  v a r i a t i o n s  as i n  these cases 
t h e r e  was t y p i c a l l y  very  l i t t l e  capac i t y  obta ined 
below 1.0 v o l t .  Flooded c a p a c i t y  t e s t s  w i l l  be 
r u n  t o  determine i f  these v a r i a t i o n s  r e s t  w i t h  t h e  
e lec t rodes  themselves o r  developed as a r e s u l t  o f  
c o n d i t i o n s  w i t h i n  t h e  c e l l .  The c e l l s  i n  group 10 
g e n e r a l l y  had poor c a p a c i t y  t o  1.0 v o l t  b u t  t h e  
c a p a c i t y  was a v a i l a b l e  a t  a lower vo l tage  i n d i -  
c a t i n g  a low r a t e  o f  s e l f  discharge. F igu re  8 
shows c r a t e  d ischarge curves f rom group 10 f o l -  



lowing t h e  a d d i t i o n  o f  e l e c t r o l y t e  t o  C e l l s  46, 
48, and 50. The c e l l s  w i t h  t h e  added e l e c t r o l y t e  
show v a s t l y  improved vo l tage  performance. 

B a t t e r y  Teardown - Pre l im ina ry  Analysis_ - A l l  
components were v i s u a l l y  inspected upon removal 
f rom t h e  s tack.  I n  general t h e r e  was no obvious, 
extens ive damage t o  any hydrogen e lec t rodes  even 
though i n  t h e  c e l l s  w i t h  z i r c a r  oxygen could 
f r e e l y  cross t h e  separator and recombine on the 
hydrogen e lec t rode  surface. However, s l i g h t  p i n -  
ho les may have gone unnot iced because a l l  of the 
negatives had been used p rev ious l y .  Some of t he  
n i c k e l  e lec t rodes  i n  c e l l s  w i t h  asbestos separa- 
t o r s  e x h i b i t e d  growth p r i m a r i l y  i n  t h e  areas t h a t  
d i d  n o t  correspond t o  recombination s t r i p  l oca -  
t i o n s .  Th is  was n o t  observed i n  c e l l s  w i t h  z i r c a r  
separators. The c e l l s  w i t h  asbestos appeared t o  
be much d r i e r  than those w i t h  z i r c a r .  Evaluat ion 
o f  e l e c t r o l y t e  content  (by  weight) i n  t h e  c e l l s  
shows t h a t  i n  general t h e  c e l l s  w i t h  asbestos o r  
combination separators  had t h e  l e a s t  amount of 
e l e c t r o l y t e  a f t e r  cyc l i ng ,  even though t h i s  was 
n o t  g e n e r a l l y  t h e  case a f t e r  t h e  o r i g i n a l  f i l l .  
The change i n  e l e c t r o l y t e  f i l l  f o r  t h e  t o t a l  c e l l  
ranged f rom +15% t o  -53% o f  t h e  i n i t i a l  f i l l .  The 
average change was a l oss  o f  20%. The b a t t e r y  
was suspended h o r i z o n t a l l y  i n  t h e  vessel w i t h  gas 
access p o r t s  f rom t h e  hydrogen o r  ERP areas open 
t o  t h e  bottom o f  t h e  vessel. I n  t h e  bottom of t he  
vessel, t h e r e  was a puddle o f  e l e c t r o l y t e  t h a t  
leaked f rom t h e  c e l l s ;  however, t h e  amount found 
was n o t  enough t o  account f o r  t h e  t o t a l  e l e c t r o -  
l y t e  l o s t  f rom t h e  stack. A shunt c u r r e n t  mech- 
anism can be used t o  e x p l a i n  t h e  t r a n s f e r  o f  
e l e c t r o l y t e  f rom one c e l l  t o  another r e s u l t i n g  i n  
a n e t  increase i n  t h e  e l e c t r o l y t e  content  i n  the  
c e l l s  a t  t h e  negat ive end o f  t he  loop. 

Table I 1  sumnarizes t h e  e l e c t r o l y t e  d i s t r i b u t i o n  
changes t h a t  occurred w i t h  cyc l i ng .  I n  general 
t h e  n i c k e l  e lec t rodes  gained e l e c t r o l y t e  du r ing  
the  c y c l e  p e r i o d  w h i l e  a l l  o the r  components l o s t  
it. I n  a few i n d i v i d u a l  cases, separators and 

I C H A N G E  111 E L E C T R O L Y E  F I L L  L i V E L  

S E P A R A T O R  T Y P E  

TABLE I 1  
ELECTROLYTE FILL VARIATIONS AFTER CYCLE TESTS 

ERP's gained e l e c t r o l y t e .  While i n i t i a l  separa- 
t o r / r i n g s  f i l l  l e v e l s  were comparable f o r  asbestos 
and z i r c a r  separators, t h e  asbestos separators 
l o s t  more KOH than t h e i r  z i r c a r  o r  combination 
counterpar ts .  A s i m i l a r  t r e n d  was observed when 
comparing ERP f i l l  l e v e l s  i n  c e l l s  w i t h  asbestos 
o r  z i r c a r  separators. There i s  a b e t t e r  c o r r e l a -  
t i o n  o f  e l e c t r o l y t e  fill l e v e l s  w i t h  separator 
types than  w i t h  any o f  t h e  o the r  va r iab les  tested.  

Component th icknesses were measured be fo re  and 
a f t e r  c y c l i n g .  The n i c k e l  e lect rodes expanded 
f rom 1 t o  13 m i l s  over  t h e  1500 cyc les.  There i s  
no apparent c o r r e l a t i o n  o f  n i c k e l  e lec t rode  
e l e c t r o l y t e  weight ga in  and t h e  amount o f  n i c k e l  
e l e c t r o d e  expansion. Pore s i z e  d i s t r i b u t i o n  
analyses a r e  planned t o  f u r t h e r  evaluate t h e  f i n a l  

n i c k e l  e l e c t r o d e  e l e c t r o l y t e  f i l l  vs t o t a l  pore 
volume. As found w i t h  e a r l i e r  stacks7 t h e  ERP 
compressed t o  accommodate n i c k e l  e l e c t r o d e  expan- 
sion. ?he n i c k e l  e lec t rodes  exi;anded an average 
o f  6.25 m i l s  and t h e  ERP'S compressed by an ave- 
rage o f  4.6 m i l s .  

Fu r the r  t e s t i n g  i s  planned t o  he lp  i d e n t i f y  t h e  
causes f o r  t h e  e l e c t r o l y t e  l o s s  f rom c e l l s  w i t h  
asbestos separators. E l e c t r o l y t e  i s  be ing ex- 
t r a c t e d  f rom t h e  separators  and r i n g s  o f  se lec ted  
c e l l s  f o r  a n a l y s i s  o f  KOH and carbonate concentra- 
t i o n s .  Flooded capac i t y  t e s t s  are planned t o  
evaluate i f  capac i t y  v a r i a t i o n s  can be a t t r i b u t e d  
t o  n i c k e l  e l e c t r o d e  d i f f e r e n c e s  as opposed t o  spe- 
c i f i c  c e l l  c y c l i n g  cond i t i ons ,  such as e l e c t r o l y t e  
con ten t  and d i s t r i b u t i o n .  

Concluding Remarks 

We were able t o  demonstrate successfu l  ope ra t i on  
o f  a 50 c e l l ,  h i g h  v o l t a g e  b i p o l a r  n icke l -hydrogen 
b a t t e r y .  Although shunt c u r r e n t s  may have been 
opera t i ng  w i t h i n  t h e  s tack they  were n o t  severe 
enough t o  prevent  t h e  s tack f rom operat ing.  Th is  
eva lua t i on  o f  component v a r i a t i o n s  has l e d  t o  t h e  
conclus ion t h a t  i n  t h i s  s p e c i f i c  t e s t ,  o n l y  sepa- 
r a t o r  v a r i a t i o n s  had any s i g n i f i c a n t  e f f e c t  on 
c e l l  performance. F u r t h e r  s t u d i e s  are planned t o  
t r y  t o  separate t h e  e f f e c t s  o f  r e l a t i v e  c e l l  pos i -  
t i o n  i n  t h e  s tack f rom t h e  s p e c i f i c  separator  and/ 
o r  n i c k e l  e l e c t r o d e  c h a r a c t e r i s t i c s .  
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